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(57) Abstract: ';The; present invention is directed to substituted 
4//-chromene and analogs thereof, represented by the: general 
: formula (I) or • pharmaceutically acceptable [. salts or prodrugs 
thereof, wherein: A^ ;R"i, R2, R5, X, Y, and Z, are defined herein 
( I ) ^ Bisfose^ 

diazo-2^ne, • thiazoi-2-one, qxazol-2-one, imidazol-2-thione, : 
thiazoI-2-thione, oxazol-2-thione, imidazoline, oxazoline, 
thiazpline, : ; triazole, qxazine, oxazirie-2,3-dione, or piperazirie 
ring. ; The ; present invention also relates to the discovery that 
compounds having Formula I are activators of caspases and 
inducers of .apoptosis. Therefore, the activators of caspases and inducers of apoptosis of this invention can be used to induce cell, 
death in a variety of clinical conditions in which uncontrolled growth and spread of abnormal cells occurs. 
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7,8-FUSED 4//-CHROMENE AND ANALOGS AS ACTIVATORS OF 
CASPASES AND INDUCERS OF APOPTOSIS AND THE USE THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 This invention is in the field of mediciiial chemistry. In particular, the 

invention relates to 7,8-fused 4#-chromene and analogs, and the discovery 
that these compounds are activators of baspases and inducers of apoptosis. 
The invention also relates to the use of these compounds as therapeutically 
effective anti-cancer agents . 

10 Related Ail : . 

:vt\Qrg&isms eliminate unwaiited cells by a process variously known as 
regulated cell death, programmed cell death, or apoptosis. Such cell death 
occurs as a normal aspect of animal development as well as in tissue : 
homeostasis and aging (Glucksmahn, A.,BioLRev: Cambridge Philos. Soc. ... 
25:59-86 (1951); Glucksmann, A;, Archives de Biologie 76:4 19-43 7 ( 1 965); 
Ellis, et, : al., Dev. 7/2:591.603 (1991); Vaux, ^ 7(5:777-779 (1994)). 
Apoptosis regulates cell number, facilitates morphogenesis, removes harmful 
or otherwise abnormal have already performed 

their function. Additionally, apoptosis; occurs in response to various 
physiological stresses, such as hypoxia or ischemia"^ ; ■ 

application WO96/20721). 

There are a number of morphological changes shared by cells 
experiencing regulated cell death, including plasma and nuclear membrane 
blebbing, cell shrinkage (condensation of nucleoplasm and cytoplasm), 
organelle • j^loc^Uzatiqn arid compaction, chromatin condensation and 
production of apoptotic bo^ particles ; containing 

intt^ellular material) (0ire^us^ 

Apoptosis is: achiew^ an endogenous mechanism of cellular 

suicide (Wylhe, A.H;, in (^/^ in Biology and Pathology, Bowen and 
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Lockshin, eds., Chapman and Hall (1981), pp. 9-34). A cell activates its 
internally encoded suicide program as a result of either internal or external 
signals. The suicide program is executed through the activation of a carefully 
regulated genetic program (Wyllie, a/., Int. Rev, Cyt 68:251 (1980); Ellis, 
et ai, Ann. Rev. Cell Bio. 7:663 (1991)). Apoptotic cells and bodies are 
usually recognized and cleared by neighboring cells or macrophages before 
lysis. Because of this clearance mechanism, inflammation is not induced 
despite the clearance of great numbers of cells (Orrenius, S ., J. Internal 
Medicine 237:529-536 (1995). 

It has been found that a group of proteases are a key element in 
. apoptosis (see, e.g;, Thorn^^ and Biology 5:R97-iR103 (1998); 

Thornberry, British Med Bull: 53:478-490 (1996)). Genetic studies in the 
i nematode Caenorhabditis <?/ega/?^ revealed that apoptotic cell death involves 
at ie&st 14 geneSj 2 of 
: : cell death abnormal) genes, ced-3 md ced-4: CED-3 is homologous to : 
interleiikin which is now called 

caspase-L When these ultimately applied to mammals, and upon 
:•• further extensive ^investigation, it Was found that the mammalian apoptosis 
system appears to involve a cascade of caspases, : or a system that behaves like 
a cascade of caspases. At present, the caspase family of cysteine proteases: 
. • ' •. comprises 14 different members, and more may be discovered in the future; 
Ali tor caspases are synthesized as zymogens that require cleavage at ah 
aspaityl residue pripr to: forming the active enzyme. Thus, caspases are 
; cascaded 

Apoptosis ^ crucial in the development of : 

cancer -^optosimand Cancer Chemotherapy, Hickman and Dive, eds.; ; 
Humana Press (1999)). There is mounting evidence that cancer cells, while 
containing caspases, lack parts of the molecular machinery that activates the ; 
!: caspase cascade. This; makes the cancer cells lose their capacity to undergo: 
; :;C^ become immortal and cmcerous. In the case of 

the ^ptosis process, control points are known to exist that: represent po^s : ; • : ^ ;i 
; for: ^ leading to activation. These control points include the (M^^E^V' 

i^rB^r\]k^ and CED-3 -ICE-like gene family products, which are intrinsic 
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proteins regulating the decision of a cell to survive or die and executing part of 
the cell death process itself, respectively (see, Schnaitt, et al, Biochem. Cell 
Biol 75:301-314 (1997)). BCL-like proteins include BCL-xL and BAX- 
alpha, which appear to function upstream of caspase activation. BCL-xL 
5 appears to prevent activation of the apoptotic protease cascade, whereas BAX- 

alpha accelerates activation of the apoptotic protease cascade. 

It has been shown that chemotherapeutic (anti-cancer) drugs can 
trigger cancer cells to undergo suicide by activating the dormant caspase 
cascade. This may be a crucial aspect of the mode of action of most, if not all, 
: 10 known anticancer drugs (Los, et al; Blood 90:3118-3129 (1997); Frieseri, 

; v ; : Afia/- Afc<3f. 5:574 (1996)). The mechanism of action of current • 
* , ; : ; ^ involves an attack at specific p^ 

i cycle. In brief, the cell cycle refers to the stages through which cells normally 
: : progress during their lifetime. Normally, cells exist in a resting phase termed 

: , 15 : ; :G 0 . • During multiplication, cells progress to a stage in which DNA synthesis 

; occiirs; termed 'S. Later, cell division; or mitosis occiirs, in ;a phase called lyl. 
^ drugs, such as rcytosine arabinoside, hydroxyurea, 

: : 6-mercaptopuririe, : and methotrexate are S .phase specific, > whereas 
. antineoplastic drugs, such as vincristine, vinblastine, : -and i p 
20 phase specific. Many slow growing tumors, e.g., colon cancers, exist 

primarily in the G 0 phase j whereas rapidly proliferating normal tissues; e.g. , 
bone marrow, exist primarily in the S or M phase. Thus, a drug like 6- 
: mercaptopurine can cause bone marrow toxicity while remaining ineffective 
for a slow growing tumor. Further aspects of the chemotherapy :of -neoplastic; • : 
25 : > ; diseases are known to to art (see, e g., Hardman; al, eds., 

. - : A ^.\y-V ; -:-'-: Goodman and Oilman 's The Pharmacological Basis of Therapeutics, 

- New York (1996), pp. 1225-1287). Thus, it is clear 

;> : > • that the possibility exists for to activation of : to caspase; c^ altough • 
to exact mechamsms: for domg so are not clear : at this point: It is equally 
■C' ; 3DM: : ;? I clear that insxifficient activity .of the caspase cascade and cbnsequent apoptotic ; 

;ever^ types of cancer. The; development of caspase 

: cascade activators and inducers of apoptosis is a highly desirable goal in to 
deyelopment of therapeutically effective antineoplastic ; ; : agents. -M^ 
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since autoimmune disease and certain degenerative diseases also involve the 
proliferation of abnormal cells, therapeutic treatment for these diseases could 
also involve the enhancement of the apoptotic process through the 
administration of appropriate caspase cascade activators and inducers of 
5 apoptosis, 

EP537949 discloses derivatives of 4i/-napMio[l 3 2-6]pyran as 
antiproliferatives: 




. ■ : ;x ,/ v ,: : '• •• v ' : wherein, . .. • ' ; \. ' •; / . . "■ . ' : - : - ■ ' •• '>'■■ V; " : -f\ r v : " ' >'-' : 

10 ; each ^ 

Cm alkyl, Cm alkylthib, hydroxy-Gi^alkyl, hydroxy-Cj^alkoxy, tfiflubro- 
: •; methoxy, carboxy, 4COOR 5 where R 5 i s an ester group, -CONR-R 7 or -NR 6 R 7 

where R 6 and R 7 are each hydrogen or Cm alkyl; ;'; ; : ;' : v • 

•'•':•.>•:';• R 2 is : phenyl, riapthyi or heteroaryl selected;; ftqm thienyl, pyridyl, : 
15 : ; benzothienyl, quinolinylj benzofuranyl or benzimid^olylj wherein said 
: phenyl, napthyl and heteroaryl groups are optionally substituted, or R 2 is 

furanyl optionally substituted with 
• R 3 is nitrile, carboxy, -COOR 8 where R 8 is an ester group, -CONR 9 R |0 where 
■n^ : y- , R 9 and R 10 are each hydrogen or Cm alkyl or R^SQz where R n is Cm alkyl or : 
20 ; • • optionally substituted phenyl; 
• \ : ^; R 4 is -NR I2 R 13 , t^HCOR 12 ,^^ 

: R* 3 are each hydrogen or C m alkyl optionally substituted with carboxy, of R 4 ^\i'25'.~X : : 



0 




V-"where X is C 2 ^ alkylene, or R 4 is -NHS OfR 1 4 where: R 1 % is C ; ^ -^lcyl or-; " -'y:; !'' : . L ; ^; 
■V • . optionally substituted phenyl; and • • . . 
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n is 0-2. 

US5281619 discloses naphthopyrans for therapy of diabetic 
complications: 



(R')n n 



10 



15 




wherein, 



R is C M alkoxy, OH or COOH; 
R is optionally substituted phenyl; 

R 3 is nitrile, or R 3 is carboxy or -COOR 8 when R 2 is phenyl substituted with 
3-nitro or 3-trifluoromethyl and R 8 is an ester group; 
R* is NR I2 R 13 ^^ 

R 13 are each H or Ci^ alkyl; and 

n is 0-2/ • ";• .' • : 

EP599514 discloses: the preparation of pyranoqumoline derivatives as 
inhibitors of cell proliferation: 




20 



25. 



wherein R ■ is optionally substituted phenyl or optio 

selected from thiehyl, pyridyl, ; benzothienyl; quin^ 

benzimidazolyl, or R 1 is fliranyl optionally substituted with C i ^ alkyl; 

R 2 is. nitrile, carboxy, -^G0 2 R 4 wherein R* is an ester gro^^ 

where R 5 and R* are independently HovC\ A alkyl, or R?SOi wh^ is 

C , ^ alkyl or optionally substituted phenyl; 

R 3 is : ^R 9 , -^COR 8 , ^N(C0 2 R 8 )2/ -N=CHOR 8 i^ere^ ^ "^& 9 ^ 
independently H or G w alkyl, or -NHSQ2R 10 where R 1 ^:^ 
optionally substituted phenyl, or 
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-<> 

II 
O 

where X is C2-4 alkylene; and 

the ring P represents a pyridine fused to the benzopyran nucleus. 

EP6 18206 discloses the preparation of naphthopyran and 
pyranoquinoline as immunosuppressants and cell proliferation inhibitors: 




■ j wherein, "' : . " . . . ; \i "} "y. 

A-B is CH2CH2 or CH=CH; 
10 each R 1 is independently halo, carboxy, trifluorome^ 

Cu ^oxy, Gu a^ 
: containing heterocyclyl, nitio; trifluorom is ah ester 

V :gro^ or^R^R 7 where R 6 and: R 7 .^ 

• . Cm alkyl; . . ■ • • 

15 R 2 is phenyl, napthyl ; or heteroajyl selected 

benzothienyl, quinblinyl, benzofuranyl or benzimidazoiyl* : ; :: :Wherein^ : sSdv. 
phenyl, napthyl ^d heteroaryl groups are optionally substiti^^ 
furariyl optionally substiliitM wth C 1 .4 alkyl; 
V.. R 3 is nitrile, carboxy^ ^0bR^ 
20 ; R 9 ^d R 10 are each;hy^ ^ere tR 1 ^ .;is;Cii;ai^yl j 

or optionally substituted phenyl-C^ alkyl; 

R 4 is 1-pyrrolyl, l-imida2X>lyi or 1-pyrazolyl, each of which is optionally 
■ substituted by one or two Cm alkyl, carbbxyl; hy^xyi-Ci^^lkyl 0^ t-GHO 
groups, or R 4 is ,2,^ 
: 25 ; y each of which is opticm by a Ci^ 

group, or R 4 is 1 -tetrazolyl optm substituted by 
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X is a pyridine or a benzene ring; and 
n is 0-2. 

EP619314 discloses the preparation of 4-phenyl-4#-naphth6(2,l-6)- 
pyran derivatives: 

— (R 1: )n 




(R 2 )nr 
wherein, : ' 

Ri and R 2 are independently halo, trifluoromethyl, Ci^ alkoxy, hydroxy, 
niti-6, G r G 4 alkyl^ ^ alkylthio, hydrox^-C^ ^ 
G4alkoxy, trifiuorometho^ 
10 HCOR?,H^^ 

. V . : i aikyl; ; V : . ; 'v'>: : ! ^: \ ; v":- , ■ V U'-V V; v '^A v' . ; .:' '; :;/; 

R4 : is-NRri^ 
• Ri3 are each hyirogen or Cm alkyl, or R4 is 



• II . 

o 



; where X is C2-C4 Jilkylene- or R4 is optionally substitt^ 
m andn are each independently 0-2 ; The compounds are said to be useful : for 
the treatment of restenosis, inimune disease, and diabetic complications, 
^-v/Smith, em^{Bioorg:M £ett:50J8^ 
20 the anti-rheumatic pptentied of aserafc^ : 

y 6]pyraii-3.-carb6nitriles. They reported that :4-(3^m^ . 
: / ^ccin™ 

stable and still retain^ biblogical actiyity: 
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Birch, er at, (tyabetes 45:642-650 an 
inhibitor of diabetes-induced vascular dysfunction, blocks protein kinase C- 
stimulated tr^criptiohM 
binding to a phorbol response element 

"" ,NOo 




: LY290181 



: Panda, et^ai, Q : Biol Chem. 272: 7681-7687 (1997)) reported the 
10 ; ; suppression of micrbtubuie dynamics by LY2901 81, which might be the 
potential mechanism for its antiproliferative action. 

;. :W0^ ported that:,:,- :o: : / ; .v,|:. 

. ■'. : : ; ; . :-;":0:..' •> - .^l^'f. y-:- ' ;: :j : : - ■ • \.[ v ; : < -. : : ;h ••'..•••^ ; ' ■ . : v, V i : , ■ 

^timicrptubiil<e Compositions ; and methods for treating or preventing 
: ; Mamm listed as an v 
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SUMMARY OF THE INVENTION 



The present invention is related to the discovery that 7,8-fused AH- 
chromene and analogs, as represented in Formula I, are activators of the 
caspase cascade and inducers of apoptosis. Thus, an aspect of the present 
5 invention is directed to the use of compounds of Formula I as inducers of 

apoptosis. 

A aspect of the present invention is to provide a method for 

treating, preventing or ameliorating neoplasia and cancer by administering a 
compound of Formula I to a mammal in need of such treatment. 
; : 10 • Many of the compounds within the scope of the present invention are : 

novel compounds/ -ft third aspect of the present invention is to 

; priovide- no^ and to also provide: for the use of < : ; 

these novel compounds for treating, preventing or ameliorating neoplasia and 
' . •• ; cancer. ; >•> :■ : : i ... ..' •: •/ . : . .• : , : : •. • .'. : ' . : ' .-, •• • • . ;: . 

: xomposMpn useM disorders responsive to the induction of 

apbptosis^ of a compound of Formula; I in 

: admixture with one : ; : 

:: ' A fifth aspect of ;the present, in^ntion is directed to. niethods for the .{ 

DETAltED DESGMPTION OF Tffi INVENTION 
The present invention arises out of the discovery that 7,8-fused = 4H- 

^ : and inducers of apoptosis. { 

y -2^ are useful for treating disorders 

; Sj^^ in this aspect of the present invention 
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(I) 



or pharmaceutical^ acceptable salts or prodrugs thereof, wherein: 

X is O, S or NR*, wherein is hydrogen or optionally substituted alkyl; 
Y is CN, GOR 7 , GO2R7 or CONR x R y , wherein R 7 , R x and R y are 
5 independently hydrogen, C M0 alkyl, haloalkyl, aryl, fused aryl, carbocyclic, a 

heterocyclic group, a heteroaryl group, alkenyl, alkynyl, arylalkyl- arylalkenyl, 
,.: ^laD^nyl, heteroarylalkyl, heteroarylalkenyl, ; heteroarylalkynyl; 
;carl?qc^ hydroxyalkyl or amihoalkyl; or R x and R y 

: : to which they are attached to form a 

10 vv hete^cycle;'- • ■ ' " - 

V wherein 1^ and R^ H, .'Ci4 alkyl or aryl, or Rg and R 9 are 

: cpmbined^ito to them to form a heterocy cle; 

R\-^ are independently hydrogen, halo, haloalkyl, raryl, fused aryl, 
15 . piarbpcyclic, a heterocyclic group, a heteroaryl group, Guio alkyl, alkenyl, 
: alkynyl arylalkynyl, heteroarylalkyl, heteroarylalkenyl, 

heterocycioalkyl, hydroxyalkyl, 
v amino, cyano, acylamido, hydroxy, thiol, 

- . carboxy, methy lenedioxy , carbonylamido or 

: : ; A ; is optionally substituted and is aryl, heteroaryl, saturted carbocyclic, 
: partially seated carbbcylic, saturated heterocyclic, partially saturated 

• f and 

iinidazol-2-thdone, tluazol- 
: S : / • ; 2-^^ oxazoline, thiazpline, triazole^ioxazine, ^ 

^: i : ; • Preferred compounds of Formula I include compounds; wherein A is 
3Q ■ h^hfty^ -Mehyl, . fuiyl, pyrrol^ : 
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2-phenylethyl or cyclohexyl, any of which is optionally substituted. Other 
preferred compounds are wherein A is 

R12 

R U\ ^13 

Rao 



wherein R i o-Ri 4 are independently hydrogen, halo, haloalkyl, :' aryl, fused ary 1, 
5 carbocyclic, a heterocyclic group, a heteroaryl group, Cuo alkyl, alkenyl, 

alkyriyl, arylalkyl; arylalkenyl, a^lalkyny I, ^ 

heteroary lalkyny 1 , • ; carbocy cloalky 1, heterocycipalkyl, hydroxyalkyl, 
.;- an^oalkyU :^^c^ 

; acyloxy , azido, : alkoxy , carboxy y methylenedibxy , carbpnylamido or 
10 ; alkylthiol; or 

V Rio and Ru, or Ri { and. R12, taken together with the atoms to which 
they an aryl, heteroaryl, optionally substiUited c 

or optionally substituted heterocyclic group, wherein said group is optionally 
'" ".; -y : ; : 

15 ' For example; Rio and Ru, or- Rn arid R12, may be taken together to ; 

form a structure selected from the group consisting of --OC^b- ^GH2)3S 

CH2NP 

] m, ^H=GH^ 

'< CH=^, wherein : R is hydrogen, - Gi. 10 >alkyl, haloatl jcyi; = tiiyl, ^edCaryl,: 
- carbocyclic; a heterocyclic; group, a Mtprosxyl; i group, "silken^ 

arylalkyl, arylalkenyl; arylalkynyp heteroarylalky 1, : heteroarylaJkenyl, y 
; heterparylal^riyl^^ ; carbocycloalky 1^ ; heterocy cloalky 1, hhy&otyfdkyl :'>-pt' 
25 aminoalkyl: 

Prefera^ 

' V;, ■;>■■' Qplipi^^ B incite ; alky l; > (^clo^^laJU^i; 

:%drOXyl^ 
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optional substitutents on B include methyl, hydroxymethyl, 
cyclopropylmethyl, and 2~^,7^-diethylaminoethyl. Preferably, B is iV-methyl- 
oxazol-2-one. 

A preferred embodiment is represented by Formula II: 
R, A 

1 U R 5 

(ID 




5 v.-' X E-F 

or pharmaceutically Acceptable salts or prodrugs thereof, wherein Ri, R2, R5, 
• X, Y/Z and A are as defined previously with respect to Formula I; 
D, E, and F are CR, 5 Ri6 5 C=0, C=S; C=NRi 5? SK), N, NR, 5 > O, or S; wherein 
i Ri 5 and; Ri6 are • indepeii^d gen, alkyl ior aryl, provided that^ t^ ring 

10 comprising D, E and F is not a fiiran, thiophene, pyrrole, dihydropyrrole, 1 ,3 -; 

; dioxolane, cyclopentyl; imidazole or imidazol^2--one ring; and the dashed line 
represents a single bond or; a; double bond, with the proviso that both the 
dashed lines can hot be a double bond at the same time. 

: Such . compounds ^ include substituted benzothiazopyrans, 
15 ] ; benzbxazol%)yrans, : benzo-( 1 ,2-dihydrorimidazole)pyrans, ; benzo-Cl^- 
•:• •>. dihydro-thiazole)pyrans, benz,o-(l ,2-dihydr6-oxa^ole)pyr^is : benzo-( 1 ;2~ 
dihydro-2-oxo-imidazole)pyrans, benzo-( 1 ,2-dihydro-2-oxo-thiazole)pyrans, 
benzo4-oxo -oxazolepy rans • benzo-( 1 ,2-dihy dr6-2~thioxo-imidazble)pyrans, 
benzo-(l j2^dihydfd^ • ; benzo-(l ,3 -dihy dro-2-oxo- 

20 i ; 2,1 5 3 rthiadiazole)pyrans, and benzotriazolepyrahs : 

Preferred compoinids falling witliin the scope of Formula II include 
■ compounds wherein Rj -R2 are hydrogen. Preferably R5 is hydrogen; X is O; Z 
is NH2 and Y is GN. Preferably A is optionally substituted phenyl, naphthyl, 
pyridyl, quinolyl, isoquinolyl, thlenyl, futyl; ^ 
25: cyclohexyk;^-;^^^^ : 

^61her preferred embodiment is represented by Formula HI: 
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(III) 




or pharmaceutically acceptable salts or prodrugs thereof, wherein Ri, R2, R5, 
X, Y, Z and A are as defined previously with respect to Formula I; and 
D, E, F, and G are eRi 5 Ri6, GO, N, O, or S, wherein R I5 and R !6 are defined 
5 above, provided that at least two of D, E, F, and G are hetero atoms and the 

; : ring F and G is not a 1,4-dioxolane, pyrazine or i ,4«dihydro- V 

2,3>4i6^opyrazine riiig-and ; 
; the (^hed lines represent a single bond or a double bond. 

; ;Such ; compounds include substituted benzoxazinepyrans and benzb- 
10 2;3-di6xo-oxazinepyrahs. 

: Preferred compoto within the scope of Formula HI include 

• ; compouiids wherein R { -R2 are hydrogen. Preferably R 5 is hydrogen: 

: ^ be employed in the method 

15 .\; : 2-Aininb^3-cyano-^^ 

,: ^ 

: 7 2^ 

iixlidazd [4, 5 -h] cHrbmene; 
; 2-^ino-3^ 

^\-20 ;1-:>; : ■ : v tefra^^ 

; 2-Arru^ : V 

^ i^ 

2-Amiri<^ 

25 : v . : 

px^|^,5-/2]c^omeh^ /'; -. : " : " 
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2-Amino-3-cyano-4-(3-methoxyphenyl)-4J,8^^ 
oxazine[2,3-A]chromene; 

2-AminoO-cyano-4-(3-bromo 
tetraliydro-S^-dioxo-oxazineP^-^chroniene; 
5 2-AininQ-3-cyano-4-(3-bromo-4 J 5-dimethoxyphenyl)-4iy- 
thiazo[4 3 5-/z]chromene; 

2- Aminb-3 -cy ano^- (3 -metho 

2- Amino-3 -cy ano-4-(3 -bromo-4,5 -dimethoxypheny l)-4i^~ 
txiazo[4 5 5-/z]chromene; 
10 2- Amino-3 -cyano-4-(3 -methoxyphenyl)-4//-triazd [4^ 

2- Airiino-3 -cy ano^-(3 -bromo-4 3 -dim 
^ trihych:o-oxaz6[5 3 4-/2]chromene; 

2- Amino-3 -cy ano-4-(3 -bromb-4,5 -dimethoxyphenyi)-8-oxo-4^8r ^^^^^^^^ ; 
... . • dihydro-9-methyl^^ • /. 

1 5 : 2-Methoxymetliylimirie-3^ 
- 4#-oxazo [5 ,4-/z] cburdmeae; 

2-Aminx)-3-cyano-4^3-bromb^^^ 
trihydrd-oxazo[4,5-/z]chromene; 

2-Amino-3-cyano-4-(3^rb^^ ; 
20 dihydro-7~methyl-oxazo[4 ? 5-A]chromene 

2-Amino-3-cyano-4-(3-broinp^,5-dimethoxy 
oxazo[4,5-A]chromene; and : . > 

2-Amino-3-cyano-4-(3-brpmo^^ ../. 
oxazo[5,4-^]chromene. 
25 The present invention is adso directed; to ho^ 

• scope of Formulae I-IH. Exemplary preferred ; novel cbmpoxiii^ of 
V 'invention include, without limitation: 

2-Amino-3-cyano-4-(3-broi™ ; . 

: ; tetrahydro-imidazo[4,5-A]chromene; : 
30; ■ 2-Amiiio-3-cyano^-(3-methoxyphen^ 
. . -. imidazo[4,5-/z]chromene; • ■ 

2-Amino-3-cyanp-4^ 
tetrahydro-imidazo[4,5^h]chr6m^^ '# ^l^f;^;;""^ 
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2-Amino-3-cyano-4-(3-metiioxypheny^ 
imidazo[4,5-/?]chromene; 

2-Amino-3-cyano-4-(3-bromo-4,5-dimetlioxyphenyl)-8-oxo-4,7 } 9- 
trihydro-2, 1 jS-thiadiazo^jS-Ajchromene; 
5 2-Amino-3-cyano-4-(3-methoxyphenyl)-8-oxo-4,7 J 9-trihydro-2 s l,3- 
thiadiazo[4,5-ft]chromene; 

2-Amino-3-cyano-4-(3-methoxyphenyl)-8-oxo-4,7,84rihydro- 
oxazo[4,5-/i]chromene; 

2-Ammo-3-cyano-4-(3-methoxypKenyl)-4#^ 
10 ;, 2-Ammo-3-cyano^^ 
oxazine[2,3-/z]chromene; 

2-Amino-3-cyano-4-(3-bromo-4,5^ 
tetrahydro-8 ) 9-dioxo-oxazine[2,3-/i]chroiriene^ 

2-Amino-3-cyano-4-(3-bromo^ 5 5-dimethoxyphehyl)-4 
: 'y\-5: : ' ■ . thiazo[4, 5 -h] chromene; 

2-Aihino-3-cyario-4-(3-m 
2-Amino-3-cyano-4-{3-^^ 
• triazo [4,5-/*] chromene; ." : 

: 2-Amino-3-cyano-4-(3^ 
20 : 2-Amino-3-cyan6-4-(3-bromo~4,5-diiriethoxyph 
trihydro-oxazo [5 ,4-/z] chromene; 

2-Amino^3-cyano-4-(3-bromo^ ? 5-dimetK^ 
..' dihydro-9-methyl-oxaTO[5,4-/2]chromerie; > 

: 2-Me&oxymethylijnqd^ 
25 4#-oxaz6 [5 ,4 -h] chromene; V 

2-Aimno-3-cyano-4-(3-bro 
trihydro-oxazo[4,5-/i]chrpmene; 

2-i^i^-3Tcyario^ 
dihydro-T-melliyl-oxazo^S-AJchromene; 

2~Amin6-3-cyano-4-(3 -bromo^S-dimethtix^^ 
oxa£o[4,5-^ ^ : ::;'' ; ; ^-:v\^^. 
2-Amino^3-c^ 
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Useful alkyl groups include straight-chained and branched Cmo alkyi 
groups, more preferably alkyl groups. Typical C mo alkyl groups include 
methyl, ethyl, propyl, isopropyl, butyl, 5ec-butyl, rer^-butyl, 3-pentyl, hexyl 
and octyl groups, which can be optionally substituted. 
5 Useful alkoxy groups include oxygen substituted by one of the Cmo 

alkyl groups mentioned above, which can be optionally substituted. 

Useful alkylthio groups include sulphur substituted by one of the Ci_io 
alkyl groups mentioned above, which can be optionally substituted: Also 
included are the sulfoxides and sulfones of such alkylthio groups. 
10 UseM amino ^oups include -NH2,^ 

Ris and Ri$ are Cu j 0 alkyl or cycldalky 1 gmups, or Ri 5 arid Ri 6 are combined? ; 
with the N to form a ring structure, such as j a piperidine^ or : Ri 5 and: Ri 6 are 
; : combined with the 1SI and other group to form a ring, such as a piperazine. The 
• alky^ 

15 Optional substituents on the alkyl i gipups include one or nioreih^lo, : 

:; : Hydroxy,: carbpxyl, amino, nitro/ cyano, CrC6 acylaminp, CI--G6 acyloxy, 
i Ci r C 6 alkoxy, aryloxy, alkylthio, C 6 -Gi 0 aryl, • G4-C7 cycloalkyl, C 2 -Cfi alkeriyl, ; A 

arid unsaturated Optional substituents on the aryl, 

20 : aralkyl and heteroarj^l groups include one or more : halo, Ci-Ce haloalkyl, 

G 6 -Cio aryl, C 4 -Cf 'cycloalkyl, ■ C\-<2 6 alkyl, G 2 -G 6 alkeiiyl, C£C 6 alkynyl, / 

. ; Q 

y ] );:C]rC6 hydro^alkyl, riitro, amino, uireido, cyano, <Cj : C 6 ; ^cylanuiio,: hydroxy, 
•thiol, C 1 -C 6 acylo^, asido, <2\-Q6 alkoxy ; or carboxy . 
25 Useful aryl groups include C6.14 aryl, preferably C^io aryl.; Typical > 

C6-14 aryl groups include -phenyl, ynaphthyl, pherianthrenyl, airi^kenyl; 
: iridenyl, azulenyl, to^ 
UseM cycM 

groups include cyclopropyl,; cyclobutyl, cyclopentyl, \ ; cyclohexyl and : 
. 30 ".v..- cycloheptyl. •' »=■;..■; : \-'>- : '-^\^ '-■ -^^(^ 

Useful i saturjated : : biy paitiadiy ; • is xarbocyclic : :grbups : ;!are v x^\- ^Ay^ 

■cycloalkylgro^ 
V :• cyclopentenyl, cy cloheptenyl and cyclooctenyly V y^j- 
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Useful halo or halogen groups include fluorine, chlorine, bromine and 

iodine. 

Useful arylalkyl groups include any of the above-mentioned Cmo alkyl 
groups substituted by any of tlie above-mentioned C 6 -i4 aryl groups. 
Preferably the arylalkyl group is benzyl, phenethyl or naphthylmethyl. 

Useful haloalkyl groups include Cmo alkyl groups substituted by one 
or more fluorine, chlorine, bromine or iodine atoms, e.g., fluoromethyl, 
difluoromethyl, trifluoromethyl, ;: pentafluordethyl, 1,1-difluoroethyl, 
chloromethyl, chlorofluoromethyl and Mchloromethyl groups. 

Useful acylamino (acylamido) groups are any Gi^ acyl (alkanoyl) 
attached 1xr an amino nitrogen, e.g., acetamido , chloroacetamido , 
propiohamido, butanoylamido, pent^ as 
: aryl-sute^^ benzoylamido, and pentafludro- 

benzoylamido. V ■ ;.• • • 

15 v UseM acyloxy groups are any ;Ci_6 acyl (alkanoyl) attached to an oxy 
•••"V..': -.'- •• group, e.g., - formyloxy, acetoxy, propionoyloxy, : ibutanoyloxy, 

• : pentanoyloxyand hexanoyloxy. 

Useful saturated or parti^ly saturated heterocyclic groups include 
tetrahydrofuranyl, pyranyl, : piperidinyl, pipeirazinyl, pyrrolidinyl, ; 
,20 - imidazolidinyl, ■ imidazolinyl, indolinyl, isoindolinyl, quinuchdinyl; . ; ; 

^ chromanyl, pyrazolidiriyi pyrazolinyl, tetrdnoyl 

: and tetramdyl groups . 

Usefol heteroaryl groups include thienyl, benzo[b]thienyl, ; 
; naphtho [2,3 -6] thienyl, thiantiirenyl, furyl, pyranyl, isobenzofuranyi, 
25 : chromenyl, xahthenyl, phenoxanthiinyl, 2#-pyrrolyi, pyrrolyl, J oxazol^l, 

isoindolyl, 3tf-indolyl, indolyl, [ indazolyl, purinyl, 4#-quinolizinyl, 
isdquinolyl, quinolyl, phthalzinyl, naphthyridinyl, quinozalinyl, cinnolinyl 
pteridinyl, carbazolyl, prcarbolinyl, phen^ 
50, : : ; ■ . phenanthrolinyl, phenazinyl, . isothiazolyl, phenothiaziny 1, isoxazdlyl, • 
. ; -fTirazanyl, , : , . phendxazinyl, 1 ,4-dihydroquinoxaline-2,3 -dione, : 

; ;7-aininoisocoumaiin, : pyrido[l-2-a]pyrimidin-4-orie, 1 ,2-benzoisdxazdl-3 -y 1, 
benzimid^dlyl, benzimidazoIf2-orie, benzoxazdlyl, benzoxazbl-2-bne, 
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2-oxindolyl and 2-oxobenzimidazolyl. Where the heteroaryl group contains a 
nitrogen atom in a ring, such nitrogen atom may be in the form of an N-oxide, 
e.g., a pyridyl //-oxide, pyrazinyl N-oxide and pyrimidinyl N-oxide. 

Certain of the compounds of the present invention may exist as 
5 stereoisomers including optical isomers. The invention includes all 

stereoisomers and both the racemic mixtures of such stereoisomers as well as 
the individual enantiomers that may be separated according to methods that 
are well lcno vm to those of ordinary skill in the art. 

Examples of : pharmaceutical^ acceptable addition salts include 
10 inorganic and organic acid addition salts, such as hydrochloride, 

■:^\:[ : . hydrqbroinide, phosphate, sulphate, citrate, lactate, tartrate, maleate, fumarate, 

organic base addition salts with 
bases such as sodium hydroxy, Tris(hydroxymethyl)amiiiomethane (TRIS, 
tromeffi^ 

Examples of prodhigs of the compounds of the invention include i the 
.'• simple esters; of c^boxyl^ those obtained by 

condensation with a Gj^ alcohol according to methods known in the art); '• 
^ esters of hydroxy (e.g., those obtained by condensation , , V 

■ : with :a G dioic acid or anhydride thereof, such as ; 

;' ; .-; v :;::2() ; ; ,; : ; ; ^ according to methods known in the art); 

imih^ (e.g., those obtained by condensation 

with a Cm aldehyde or ketone according to methods • known in the art); 
:^am^ such as. those .described by Leu,. , 

et- ^ (1999)) and Greenwald, et; al, (I Med. S 

i '^zYf/^^fc: ^:3^57-3667 (199S0); and acetals and ketals of alcohol containing ; 
/ v : : compounds ; :(e;g; , those obtained : t>y : condensation with chloromethyl methyl 

ether ^ according to methods known in the art); and • . 

phosphdnato and phosphohd compounds (e.g., those obtained by condensation 
with a i phosphate es pliosphoryl chloride, or phosphoric acid), which 

: 

the php^pho^ organic ;bases such as amine bases, which : 



18 



WO 02/092083 PCT/US02/15398 

Hie compounds of this invention may be prepared using methods 
known to those skilled in tlie art, or the novel methods of this invention: In 
particular, the compounds of this invention with Formulae I-III can be 
prepared as illustrated by exemplary reaction in Scheme 1 . 'Reaction of a 2,3- 
disubstituted phenol, such as 2,3 -diaminophenol with a substituted 
benzaldehyde, such as 3-methoxybenzaldehyde and malononitrile in the 
presence a base, such as piperidine or A^-diisopropylethylamine produced 
the 7,8-diamino chromene, which can then cyclize under different conditions 
to produce the 7,8-fused chromenes. For example, reaction of tbfe 7,8-diaminb 
chromene with 1 , 1 '-carbonyldiimidazole (GDI) wall produce the 
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Scheme 1 




: ; chroirieae with CS2 in the presence of a base such as KOH produces the 2- 
^ ^ of the diamino-ctobmene with 

• : : # '.i :fywy^Qgtn bromide HOBrGl^ prodw 
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compound. Reaction of the diamino-chromene with SOCI2 in the presence of 
a base, such as pyridine produces the 2-oxo-thiadiazo-chromene compound. 



Scheme 2 

Ar 




Compounds of this^ m^ with Foraiulae l-III also can te prepared 
as : illiistrated by . exemplary reaction in Scheme 3 : Re^ 3 -amino - 

pyirocatechol with a substituted benzaldehyiie such as 3-me&oxybenzaldehyde 
and maJohonitrile in ttie presence a : ; ; base such - as piperidine or'^JV- r 
10 d^ ^4'. 

; theiti cycUze^ 

For example, reaction of the 7-amih6-8-hydroxy cteoihehe with : : 1,1 r- 1 , / : 
: cartonyldiimida^ 
Reaction of the 7-amino-:8 -hydroxy ; chromene < with pxaly 1 chloride produces 
15 ' the 2 ,3 -dioxoTOxazine-chrdmene compound. 
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Scheme 3 




5 . An important aspect of the present invention is the discovery that 

compounds having Formulae I-IH are activators of caspases and inducers of 
: apoptosis. Therefore, these compounds are expected to be useful in a variety • 
of clinical conditions in which there is uncontrolled cell growth and spread of 
^^normal cells^ such as in the case of cancer. 
10 : Anollier important aspect of the^ that 

. compounds having Formulae l-HI are potent and highly efficacious activators 
; i ;of caspases and inducers of apoptosis in drug resistant cancer c£lls,such as '73- ,;. 
• breast and prostate cancer cells, which enables these compounds to kill these 
drug resistant cancer cells. In comparison, most standard anticancer drugs aire 
15 : not ef^^^ the same conditions. 

: ; ; ; Therefore, compounds of this invention are expected to be useful for the 

'.. treatment of drug resistant cancer in animals. 
; : ^ ITie pr^ includes a therapeutic method useful to 

•modui^e--:^^ or in vivo neoplastic- disease, comprising 

20 ; : - administering to a subject in need of such treatment an effective amount of a 
: compound, or a acceptable salt or prodrug of the compbuhd 
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of Formulae I-III, which functions as a caspase cascade activator and inducer 
of apoptosis. 

The present invention also include a therapeutic method comprising 
administering to an animal ah effective amount of a compound, or a 
5 pharmaceutical^ acceptable salt or prodrug of said compound of Formulae I- 

III, wherein said therapeutic method is viseful to treat cancer, which is a group 
of diseases characterized by the uncontrolled growth and spread of abnormal 
cells. Such diseases include, but are not limited to, Hodgkin's disease, non- 
Hodgkin's lymphomas, acute and chronic lymphocytic leukemias, multiple 
10 myeloma, neuroblastoma, breast carcinomas, ovarian carcinomas, lung 

■ \ carcinomas, Wilms' to carcinomas, testicular carcinomas, soft- 
: tissue sarcomas, thronic lymphppytic leukemia, primary macroglobulinemia, 

bladder carcinomas, chronic granulocytic leukemia, primary brain carcinomas, v 
malignant melanoma, small-cell lung carcinomas, stomach carcinomas, colon 
15 : : ^carcinomas, malignant /pancreatic . insulinoma, malignant carcinoid : : 
; c^cmGmas^ nidighiant ; m ^choriocarcinomas, mycosis fungoides, 

; • : grahulob^ic leukerma,^^^^^^ M cell leukemia, neuroblastoma, 

thyroid ■:•}. 

20 & carcinomas; esophageal carcinomas, malignant hypercalcemia, cervical 
: ; hyperplasia, renal cell carcinomas, : endometrial carcinomas, polycythemia ; 
: v;,-:. vera, essential ; thrombocytosis, adrenal cortex carcinomas, skin cancer, and : 
• prostatic ck^ 

; In practici^ therapeutic methods, effective v amounts of ! 
■ 25 - if cbn^p concentrations of the : 

^ i compounds formulated for- b local and topical application, for 

to ;^eatment of neoplastic diseases arid other diseases in which caspase ; 
:: ; :casc^e hi administered to : 

■ S an individual d&ibiting ;;the; symptoms or more of these disorders. The 

V; 3^ % 

Aneifect^ treating a- particulardisease : 

some m^er reduce, tfe v 
> ; v • r ; symptoms associated \yith the disease; Such amount may be: administered as a = - v 
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single dosage or may be administered according to a regimen y whereby it is 
effective. The amount may cure the disease but, typically, is administered in 
order to ameliorate the disease. Typically, repeated administration is required 
to achieve the desired amelioration of symptoms 
5 In another embodiment, a pharmaceutical composition comprising a 

compound, or a pharmaceutically acceptable salt of said compound of 
Formulae I-III, which functions as a caspase cascade activator and inducer of 
apoptosis in combination with a pharmaceutically acceptable vehicle is 
: provided. 

10 Another embodiment of the present invention is directed; to a 

composition effective to inhibit neoplasia comprising a cpmpbiind^ or a 
pharniaceuticMly acceptable salt or prodrug of said compound of Formulae I- : : 
; IH, Which functions ^ a caspase cascade activator a^ inducer of ^opiosis, in t 
combination with at least one known cancer chemother^e^ 
15 pharmaceutically acceptable salt of said agent: Examples of known anti- 

: cancer agents, which can be used for combination 
limited to alkylating agents, such as busulfan, cis-platin, mitomycin: C, and 
i c^pplatih; antimitotic agents,: such as colchicine, vinblastine, paclitaxelj and ; ; ; ; 
docetaxel;; ; topo :; : ; I:;iJi^bitorSj : such as camptothecih and topotec^ 
20 inhibitors, such as doxorubicin and etoposide; RNA/DNA antimetabolites; 

such as 5-azacytidine, 5-fluorouracil and methotrexate; DNA antimetabolites, : 
■ such sis 5-fluorp-2'-deoxy-uridine, ara-C, hydroxyurea: and ^ 

antibodies, such asiHerceptin® and Rituxan®. Other known anti-cancer agents ; 
'< /which oaxijbo used for combination therapy include melphalari; chlo^ 
25 cy clophosamide, if osfamide, vincristine, mitoguazone, epirubicih, aclanibicin;^^^^^^ i: 

: bleomycin, mitoxantrone, elliptinium; fludarabine y ' octreotide, retinoid ; -acid^:;:; : : :v;i;:;:%: 
tamoxifen and alanosine, 

■r In practicing the methods of the present invention, the compound of ; ; i; : 
the invention may be administered ; together ■ with:- a^ 
30 cherhotherapeutic agent : as part of a unitary phaimaceulical composition;^ 

Alternatively, the compound of the invention may be administered 'apart it^J^M^ 
: the at least one^^ 

'■<$\ the compound bf the invention and the at least one known ^ x^Sn^^ 
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chemotherapeutic agent are administered substantially simultaneously, i.e. the 
compounds are administered at the same time or one after the other, so long as 
the compounds reach therapeutic levels in the blood at the same time. On 
another embodiment, the compound of the invention and the at least one 
5 known cancer chemotherapeutic agent are administered according to their 

individual dose schedule, so long as the compounds reach therapeutic levels in 
the blood. 

Another embodiment of the present . invention is directed to a 
composition effective to inhibit neoplasia comprising; a bioconjugates of said 
10 compound of Formulae I-HI, which functions as a caspase cascade activator 

and inducer of apoptosis, m bioconjugation : w 
, therapeutically • useful antibodies, such as Hercepti^ 
:.:>v- ^factors,' such as DGF, NGF ; cytokines, such as It^2, or any molecule V 
/ that binds to cell surface. The antibodies and other molecules will deliver 
4? : compound of Formulae I-III to : its targets and make them effective anticancer 
; : ■ : : : agents . The bioconjugates: also could enhance the anticancer effect of 
therapeutically useful antibodies, such as Herceptin® or ^ : 

S imilarly , another embodiment of th£ present invention is directed to; a 
; c to inhibit neoplasia comprising a compound or a 

20 > phaimaceutically acceptable salt or prodrug of said compound of Formulae 1- 

•; III, which functions as a caspase cascade activator an^ inducer of apoptosis, in 
;i' combination with radiation; therkpy. In this embodiment, the compound of the 
invention may be administered at the same time as the radiation therapy v is 
administered or at a different time: • 
^■ ^.^■[■^y Yet another embodiment of the preset inyentto^ directed to a 

composition effective for post-surgical treatment of i c^eer, comprising a % 
compound, or a pharmaceutically acceptable salt or ]^ compound 
; : of Formulae I~IIIj which functions as a caspase cascade activator and inducer 
of apoptosis. The invention also relates to a method of treating cancer by 
30 : ■ : surgically removing tlie - cancer and then touting ^ with one of the 



v -A -^^]wiiie|^mg§\ : .6f immune; mechknisms^p^ : 
e^osure to; a^ 
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clonal expansion of the T and B lymphocytes occurs to combat the infection. 
Hie elimination of the effector cells following an infection is one of the major 
mechanisms maintaining immune homeostasis. This deletion of reactive cells 
has been shown to be regulated by a phenomenon known as apoptosis. 
5 Autoimmune diseases have been lately identified as a consequence of 

deregulated cell death. In certain autoimmune diseases, the immune system 
directs its powerful cytotoxic effector mechanisms against specialized cells, 
such as oligodendrocytes in multiple sclerosis, the beta cells of the pancreas in 
diabetes mellitus, and thyrocytes m Hashimoto's thyroiditis (Ohsako, S. & 
10 Elkon, K.B., Cell Death Differ. 6; 13-21 (1999)). Mutations of the gene 

encoding the lymphocyte apoptosis receptor Fas/APO-l/GDS>5 are reported to 
;•. be associated with ; defective -> lymphocyte i;;; apoptosis and autoimmune ; s : : : :-j;.--:v ; ;--: : ;: : : 
lymphoproliferative - syndrome V ( which is characterized ; by chronic, : : 

histologically benign splenomegaly and generalized lymphadenopathy, 
: 15 ; hyperganunag 

Pediatr, 733:629-633 (1998) m Vaishnaw, AX. y et al};\ J. Glin/ lnvest/^ ^ : 
; 7 03 : 3 5 5 -3 63 ( 1 999)) . It wais reported that b verexpression of B cl^2, is a , 

: K 

anti-apoptotic activity, in developing B cells of transgenic mice, in the 
20 presence of T cell dependent to 

a modified B cell repertoire : and in the - production ;i ^6f:V : P^6'gemc^/ : ^: : :■■ : ^/ 
autoantibodies (Lopez-Hoyq J Mol Mf^ ;7 :475-483 (1998)). 

It is tiierefore evident that m^ of autoimmune disease are called by 

• diefects of the a^o0:crtic process, and one tteati^M-s^ 
; ?5 ; ; y' :; : -- :; :v6n-;- apoptosis in the ly^ art ; causmg ; ^ 

(O'Reilly, L A. & Str^s^r, A;^ Zf^/w^z. Res. Ms^09S^i ^<t\ 

Fas-Fas ligand (Fast;) : interaction is known to tie required for the 
maintenance of immto 

(EAT), characterized by autoreactive T and B cell re^pn^s a^d a inaAedr ; 
30 lyniphocytic • infiltration of the thyroid^ is &?go6& ^iinqi^ 

therapeutic effote;;^ ; |:i;Batteux^;F 
(1999)) reported to:^ 
; ' F^L into ^e: iffl development of lympHo^ ; 
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of the thyroid was inhibited and induction of infiltrating T cells death was 
observed. These results show that FasL expression on thyrocytes may have a 
. curative effect oh ongoing EAT by inducing death of pathogenic autoreactive 
infiltrating T lymphocytes. 
5 Bisindolylmaleimide VIII is known to potentiate Fas-mediated 

apoptosis in human astrocytoma 1321N1 cells and in Molt-4T cells, both of 
which were resistant to apoptosis induced by anti-Fas antibody in the absence 
of bisindolylmaleimide VIIL Potentiation of Fas-mediated apoptosis by 
bisindolylmaleimide VIII was reported to be selective for activated, rather 
10 than; non-activated, T cells, and was Fas-dependent. Zhou T., et ai, (Nat. 

of; T cell-mediated autoimmune diseases in two models, the Lewis rat model 
of experimental: and the Lewis adjuvant arthritis model. 

15 : Therefore, the application of a, Fas-dependent apoptosis enhancer, such as 
; ; bisindolyl^ may be therapeutically useful for- the more effective 



diseases; TH^erefpre, an : effective amount of a compound, or a 
; pharmaceutically acceptable salt or prodrug of the compound of Formulae I- 
20 III^: which functions as a caispase activator and inducer of apoptosis, 

should be an effective treatment for auto disease. : 

/..••' Psoriasis is a chronic skin disease that is characterized by scaly red 
. ; : :v^ ultraviolet A (PUVA) is ia widely used and effective 

fre^riient f^ vulgaris a^dv Coven, et al y Photodermatol 

% treated 
wth- psoraleri 8-MOP or TMP plus tfVA ^ displayed DNA degradation patterns 
typical pf apoptptic cell death. Ozawa, et aL, J. Exp. Med. /SP:711-718 
|l 99^) reported that induction of T cell apoptosis could be the iriain 
: ; m UVB resolves psoriasis skin lesions, i Lpw dos^s 

3Q :; : to restore a chnicj^ly inpnhal: 

> .( Dermatol: Res. 2P0:24O-245 (1998), reported that 



expli^ ^ during treatment of psoriasis 
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with methotrexate. Therefore, an effective amount of a compound, or a 
. pharmaceutically acceptable salt or prodrug of the compound of Formulae I- 
III, which functions as a caspase cascade activator arid inducer of apoptosis, 
should be an effective treatiiterit for hyperprohferative skin diseases, such as 
5 psoriasis. 

Synovial cell hyperplasia is a characteristic of patients with rheumatoid 
arthritis (RA). Excessive proliferation of RA synovial cells, as well as 
defective in synovial cell death,; might be responsible for the synovial cell 
hyperplasia. Wakisaka, et al, Clin. Exp. Immunol. 1 14:11 9-128 (1 998), found 
1 G that although RA synovial icells ; could die via apoptosis through Fas/FasL 

; ; p^way 3 app^ of synovial cells was inhibited by prdinflairimatory 
• cytokines present : within ; tK^ suggested that inhibition of : 

; ; ; pf sy^ 

15 ; patieiits with RA. Therefore, an effective amount of a compound, or a 

pha^aceutic^ly acceptkble salt or prodrug of the compoinid; of Formulae I- 
■ : ; : : ; III, which functions as a caspaise - cascade activator and inducer of apoptosis, 
■ ; shou^ be: ^ effective treats arthritis. 

Th^re have; been accumulation of convincing evidence that apoptosis 
20 , ; play s a maj or role in prompting resolution of the acute inflammatory response, i 
Neutrophils ^ thus limiting 

v their ; prb-ihflarmnatbry ; potential and leading to rapid, specific, and ; non- 
phlogistic recognition by macrophages and semi-professional phagocytes 
; ^ \^\^:^'^\^cJ\ Biol. l57;375-380 (1997»; Bpirivant, et al, : ; 

25 ^ 0^ reported that lamina propria T cells ; ; ■ ; ;: 

isolated firbm areas of inflammation in Grohn's disease, ulcerative colitis, and ; 
other inflai^ states manifest decreased GD2 pathway-induced 

a^ inflamed Crohn's disease tissue 

indicate ^ this defect is accompanied by elevated Bcl-2 levels. Therefore, ; ' 
3 0 ah e^cth^ amount of a compound, or a phannaceutically acceptable salt or : : 

: : yj iP as a caspase ; 

J ^;:c 
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Compositions within the scope of this invention include ail 
compositions wherein the compounds of the present invention are contained in 
an amount diat is effective to achieve its intended purpose. 'White individual 
needs vary, determination of optimal ranges of effective amounts of each 
5 component is within the skill of the art. Typically, the compounds may be 

administered to mammals, e.g., humans, orally at a dose of 0.0025 to 50 
mg/kg, or an equivalent amount of the pharmaceutically acceptable salt 
. thereof, per day, of the body weight of the mammal being treated for 
apoptosis-ihediated disorders. Preferably, approximately 0.01 to 
10 approximately 10 mg/kg is orally administered to treat or prevent such: 

disorders. For intramuscular injection, the dose is generally approximately 
one-half of the ; ord cfose. For example, a suitable intramuscular dose would 
; be approximately 0.00 mg/kg, and most' prefe '■'■C^:-''-- 

:;;frcim; approximately 5 mg/kg. , If a > known cancer ^.-i 

• V: : l-5--' chemotherapeutic:ag^rit is also administered, it is administered in an amount 

with is effective to achieve its intended purpose. The ambuhts of such l^o^^^^^^^^^^^^^^^ ; 
cancer chemotherapeutic agents effective for cancer are well- known to those : ; 
of skill in the art. 

■ . The unit oral dose may be comprised of approximately . 0.01 to 
20 ^ approximately 50 mg, preferably approximately 0. 1 to approximately 10 mg of •: • 
the compound of the invention. The unit dose may be administered: one or -/ : 
more times daily as one or more tablets, each containing from approxi^ 
; 0. 1 to approximately 10, conveniently approximately 0.25 to 50 mg of the : 

' compound or its solvates. .-i/U /^T'^Vl:!.- --^^ v^: 

25 In a topical formulation, the compound may : be : present: M j : : a 

concentration of approximately 0.0 1 to 100 mg per gram of carrier^ - 

In addition to ; administering the compound as a raw chemical, tli^l; i. : 
compounds of the invention may be administered as part of a pharmaceutical I 
preparation containing suitable pharmaceutically : acceptable '• - earners 2 
V ■: 30 comprising excipiehts arid auxiliaries, which facilitate processing of tiie: ■ 

compounds into preparations tiiat can be used phannacei&ca^ 
the preparations, particularly those preparations which can be administered 
or^ly arid which can be; used for the preferred type ofMhcM 
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■ tablets, dragees, and capsules, and also preparations which can be 
administered rectally, such as suppositories, as well as suitable solutions for 
administration by injection or orally, contain from approximately 0.01 to 99 
percent, preferably from approximately 0.25 to 75 percent of active 
5 compound(s) 3 together with the excipient. 

Also included within the scope of the present invention are the non- 
toxic pharmaceutically acceptable salts of the compounds of the present 
invention. Acid addition salts are formed by mixing a solution of the 
particular apoptosis inducers of the present invention with a solution of a 
10 pharmaceutically acceptable non-toxic acid, such as hydrochloric; acid, 

j;^:■ : ;^V : ^vcarbbhic. acid, phosphoric acid, oxalic acid, and the; like. B asic salts ; are 
formed by mixing a solution of the particular apoptosis inducers of the present r ;: 
; ; i: ^eptiqn;m^^d ; solution of a phahnaceirtically acceptable non-toxic base, ; 
15 • ;' such as sodium Hydrbxide, potassium hydroxide, choline : hydroxide, sodium 
; ; carbonate, Tris, iV-methyl-glucamine, and the like. 

^ The; -pharmaceutical compositions of the invention miay ' be 



v compounds of the invention. Foremost among such animals are mammals, 
20 C ;!i ie^g}y humans and veterinary animals, although the invention : is not intended to • 
be so limited. . . 

The pharmaceutical compositions of the present invention may be 
administered by any means that achieve their intended purpose . For example, 
; " • 'administration may V be by • • - : parenteral, subcutaneous- ; iihti^^nous; 

: : :V-r^ or topical routes. iAdmimkr^ or cohcurrently, 

M will be dependent uppn the : 

^e, health, Euid weight of the recipient^ kind of conc\in*eirt treatment, if any , 
; of treatment, arid the nature of the : effect desired ;^ 

;30 9^^^(ftr:^'\- The: pharmaceutical preparations of the -present invention:: arei 
; rf:^^^ irL a manner which is itself known, e:g., by means of ■:. 

| i g ; gr^ulating, ; dragee-making, dissolving, or lypphiiizing ; ; 

ij;/ : p ; oral use ean be 'obtained by 
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combining the active compounds with soUd excipients, optioaaUy grinding the 
resulting mixture and processing the mixture of granules, after adding suitable 
auxiliaries, if desired or necessary, to obtain tablets or dragee cores. 

Suitable excipients are, in particular, fillers, such as saccharides, e.g., 
5 lactose or sucrose, mannitol or sorbitol; cellulose preparations and/or calcium 

phosphates, e.g., tricalciurn phosphate or calcium hydrogen phosphate, as well 
as binders, such as starch paste, using, e.g., maize starch, wheat starch, rice 
starch, potato : starch, gelatin, tragacanth, methyl - cellulose, ; 
hydroxypropylinethylcellulose, sodium carboxymethylcellulose, and/or 
10 poly vinyl pyrrolidone. If desired, disintegratiiig agents may be added such as 

the above-mentioned starches a^ 
polyvinyl pyaolidone > agar- or 

alginate. Auxiliaries are, above all; flow-re^ for 

example, silica, talc, stearic acid or salts thereof- such as magriesium ; stearate 
15 or calcium: stearate, and/pr polyethylene glycol. Dragee cores are provided : 

■ ; ; with; suitable coatings which, if desired, ^e resist^ to 

pu^ose, concentrated sacc may be used, which inay optionally 

; contain; gum; £^ 

titanium dioxide, lacquer solutions and suitable organic sol vents or solvent 
20 mixtures. In order to produce ; coatings resistant; to gastric juices, solutions c£ 

. suitable cellulb se preparations, such as acetylcellulose phthalate or : : 

hy droxypropymethy 1-celluio se phthalate, are used. J Dye stuffs or pigments : 

may be added to &e tablets or dragee coatings.; e.g. , for identificati of in : : 
: ; : ; order to characterize combinations of active compound doses • 
25 :; : . Gltor pharmaceutical^^ 

push-fit capsiiles made of ^ 

gelatin and a piasticizer , such • as glycerol or sorbitol. The push-fit capsules 
can contain the active compounds in the fbnn of g which may be ; 

• mixed with M 
30 such ; as talc or magnesium ; stearate ; pp^ 

v: capsules j the ^ are preferably ;>4isso^ed; 

stdtaMe liqiuds, s^ 
• * . ■ ; ; . , : . . may be added. ; :;.:V • • ;.• . : = •;• y:d.^;<:y\ :^U---. : . 
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Possible pharmaceutical preparations, which can be used rectally 
include, e.g., suppositories, which consist of a combination of one or more of 
the active compounds with a suppository base. Suitable suppository bases are, 
e.g., natural or synthetic triglycerides, or paraffin hydrocarbons. In addition, it 
5 is also possible to use gelatin rectal capsules, which consist of a combination 

of the active compounds with a base. Possible base materials include, e.g., 
liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons. 

Suitable formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form, e.g., water-soluble 
10 salts and alkali addition, suspensions of the active compounds 

; appropriate injection suspensions may be administered. Suitable 
lipophilic solvents or vehicles include fatty oils, e:g., sesame oil, or synthetic * 
fatty acid esters, eig., ethyl oleate or triglycerides or polyethylene glycol-400 
(the ; compoiinds iare:: :• soluble in ; PEG-4G0) cremophor, or cyclodextrins. 
15 >i -Aqueoxis ; iiqj which increase the 

viscosity of the suspension include, e.g., sodium carboxymethyl cellulose, ; 
sorbitol; and/or dextran. Optionally, the: suspension may also contain ; 
. ,'; ; stabilizers. ; • '" • : '. :; ; •:" ' " ;\ ': 

In accordance witih one aspect of the present invention, compounds of . 
20 : the invention are employed in topical and parenteral formulations and are used; 
. ■ /for the treata 

The topical compositions of t^ are formulated preferably as 

oils, creams, ; lotions, ointments and the like by choice of appropriate carriers. 
; : j Suitable canto or mineral oils, white petrolatum (white 

; 25 ■ : soft paraffin), branched ch^ animal fats and high molecular 

Weight alcohol (greater than C 1 2). The preferred carriers are those in wWch \ 
t^ Emulsifiers, stabilizers, humectants and 

antioxidants may also be included, as well as agents imparting color or 
;. ; fiagrance, if desired; i Additionally, transdermal penetration enhancers can- be ; : ; 

3 0 • : employed in these topical formulations . Examples of such enhancers can be 

;f^^ . . ^ 

J; Creams are preferably formulated from a imxture of miiieral oil,- sel^ 
enra^ in which mixture the active ingredient, : ■ 
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dissolved in a small amount of an oil such as almond oil, is admixed. A 
typical example of such a cream is one which includes approximately 40 parts 
water, approximately 20 parts beeswax, approximately 40 parts mineral oil 
and approximately 1 part almond oil. 
5 Ointments may be formulated by mixing a solution of the active 

ingredient m a vegetable oil, such as almond oil with warm soft paraffin and 
allowing the mixture to cool. A typical example of such an ointment is one 
which; includes approximately 30% almond oil and approximately 70% white 
soft paraffin by weight. 
10: Having now^M be understood by 

ftose of ordinary ^ 
h and equivai^ without 
; affecting tjhe- scope of the invention or any embodiment thereof. All patents, 
:; ; j patent applications and publications cited herein are fully incorporated by 
15 '; referent 

V'v";'.-"-' -EXAMPLE 1 

2-Am ... 
friaz6[4 s 5-^chromerie 

. In a round ; .bottle (20 iriL) - was placed 2 3 7^8-trianiino^3 -cyan6^4-(3- 
20 /; brQmo>4^ (320 mg, 0.8 mmol), glacial 

.im^ aeid^Q ;0 mL, 1 .6 lnnipl) and water (1 inL); v The mixture was slightly 
• warmed • and a clear solution was^ 6 The bottle was placed in ice- water 

■ ^aiid the c^tejiits tabled -tp::^ °C, and a cold solution of sodium 

>: : ';;--;n 0.8 
25 i ; ; ; iot i^prp)dmately >3 h; at room temperature and the color darkened. The 
; ^ evaporated. The 

; residt^ : 
# yiel^ il4^ NMR ; (GD 3 OD): 7:76 

1^, 7^6 (d, J= 2i4 H^ 7.11 (dy^ 5.5 Hz, 1H), 7!()3 (d, J = 



33 



WO 02/092083 



PCTAJS02/15398 



EXAMPLE 2 

2-Amino-3-cyano-4-(3~bromo-4^ 

oxazo[5 5 4-A]chromene 

l,r-Carbonyldiimidazole (17.1 mg, 0.11 mmol, 1.5 eq.) was added to 
5. a solution of 2-amino-3-cyano-7-hydroxy-8"aiTiino-4~(3-bromo--4,5- 

dimethoxyphenyl)-4/f-chromene (29.4 mg, 0.07 mmol) in toluene (1 mL). 
The reaction mixture was heated to approximately 60 °C and stirred for 
approximately 18 h. The solvent was evaporated and the crude solid was 
washed with methanol several times to remove the soluble imidazole. The 
10 desired compound was dried under vacuum to yield 14.7 jmg of a white solid. ' 

• H NMR (GDGI3) : 7.03-6.98 (m-2H) 5 6.91-6.86 (m, lH),6;8i(s, -2H), 6,78 (d • v { 
;/= 0.7 Hz^ 1H), 4.79 ;(s, 1H), 3J79 (s, 3H), 3.68 (s ? 3H). 



; ; . ; \ : • ; : : /^hj; ■ • :: example ■ : : I ; : + • ; V_* . -j:;Wf 1 9, ; 

2-Amih^^ 

metiiyl-oxa2o[5;4-/2]chromene . 

; Cesium carbonate (14 mg, 0,04 mmol, 1 eq.) was added to a solution • 
of 2-am^ 

oxazo[5,4-/2]chromene .(1 9.7 mg, 0.04 mmol) in dimethylformamide (2 mL), • ; ; 
followed -by a: solution of iodomethane (^ -ti^ 
0.04 mmol, 1 eq.). T^ 

overnight. The solvent was evaporated and the crude material was purified by 
Biotage flash chiomatography (cartridge 12S, Si6 2 ) (Dyax Corporation) uskig : : 
approximately 0. % to 2 % methanol in dichloromethaiie to yield 9:5 mg of the 

: ;desired^0 ! IL^ 
, 2 0 Hz, 1H), 6.91 (d, /= 2.0 Hz, lH), 6:84 (m, lH), 4.76 ^ 

3.79 (s, 3H)^3.68(s,3H). '•>}■'., )9M9mMM 
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EXAMPLE 4 

2^Methoxymethylimine-3-cyano-4^ 

oxazo [5,4-/*]chromene 

/7-Toluenesulfonic acid (3 mg) was added to a solution of 2-amino-3- 
5 . cyano-74iydroxy-8-amino-4-(3-brom 

(25.2 mg, 0.06 mmol) in toluene (1 mL) followed by raethylorthoformate (1 
mL). The reaction mixture was heated to approximately 50 °C and stiiTed for 
approximately 1 h. The mixture was poured into saturated aqueous sodium 
bicarbonate solution (10 mL). The aqueous layer was extracted with ethyl 
10 :' i : • > -. - ; ; ■ ■ acbfcate (3 x 10 mL). The organic layers were combined, dried over sodium ; 
; ; : I sulf^e, : filtered and concentrated . The crude product was purified by Biotage 
xflash chromatography (cartridge 12S, Si0 2 ) using . approximately 3 5 % ethyl . 
^^ate : -in hexane to; yield 15.5 mg of the desired compound. ] H ■ NIvlR; 
M:^ (GDGI3): 8 59 (s, : 1H), 8 07 (s, 1H),:7.27,^^^ 
15 > 

'-'V EXAMPLE 5 

•:-..-.\v oxazo[4 3 5-/z]chromene ; 

20 ; • (a) 2,3-Dihydroxybenzoic acid: 2,3-Dimethoxybenzoic acid :(2 g 5 

0 iQ$8 rrmiol); ^ dissolved in acetic acid (25; mli); ; j Hydripdic 

:^ 

j- mixture was heated under reflux overnight. The reaction was allowed to cool :' 
to; room temperature and the solvent removed under vacuum The yellow solid 
25 ^ ; i ; was; dissoly^ 

^ ^mL^) '■■ The organic layers were combined, washed 10% 

j£f£i&\ organic layer was dried over sodium Mfate^ fite^ 

{$^^ 7:34(d, J = 8.0 Hz, 1^&99 (d, = 8.0 Hz, 1H), ^ ■ 
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(b) 7-Hydroxy-3H-benzooxazol-2-one: Diphenylphosphorylazide 
(336 fiL, 1.56 mmol, 1.2 eq) was added to 2,3-dihydroxybenzoic acid (200 
mg, 1.30 mmol) in pyridine (10 mL) and heated at approximately 75 °C for 
approximately 30 h. The reaction mixture was allowed to cool to room 

5 temperature and the reaction was quenched with water. Pyridine was removed 

under vacuum and the residue was partitioned between ethyl acetate (20 mL) 
and a solution of saturated aqueous sodium bicarbonate: water (1:1, 20 mL). 
The aqueous layer was extracted with ethyl acetate (3 x 20 mL). The organic 
layers were combined, washed with brine, dried over sodium sulfate, filtered 
10 and concentrated under vacuum to yield a yellow oil: The desired product was 

isolated ; by Biotage flash chromatography (caWridge 40S ^ Si02) using 
approximately 0 %, 15 %; 25 % aridSO °/o ethyl acetate m 
yield 104 nig (53 %) of 7-hydro^ a Wte povs^der. 

l HNm(CD 3 OD):6 
• 15 : . ,,v. ; ' ' 6.56 (d, ^= 7.8 Hz, 1H). " / . ; : . . - ;\ 

(c) ; 2-Ammo-3-cy^o-4^ 
4,7,8-trihydro-oxazb[4,5-h]chromene: : 7^Hydrbxy-^ 

one (300 mg, 1.98 mmol), 5-bromoveratraldehyde (^ mg^ 
malononitrile (131 mg v 1.98 mmol) were d^ ethanoi (12 mL). 

20 Piperidine .(390 :|iL, 3.96 mmol) was added and the reaction st^ • 

; temperature overnight. The; precipitate w^;fi^ : 
mg (38 %) of the desired 2-amirio-3-cyairib 

light yellbwi-ppw^er. .;; 

:;25; ; ;; : >^ 

: 2-Aminb-^ \; 
: methylnDxazrij^ 

2-amino-3-cyanpU^ 
=;30" : ; : : ^ihydro-qx^p^ 

(270 mg, OJ83 mmol) w^e 
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iodide (2M solution in i-ExxOMe, 415 jiL, 0.83 mmol) was added and the 
reaction stirred at ; room temperature overnight. The solvent was removed 
under vacuum and the residue partitioned between water (20 mL) and ethyl 
acetate (60 iriL). The aqueous layer was extracted with ethyl acetate (2 x 50 
5 mL). The organic layers were combined, dried over sodium sulfate, filtered 

and concentrated to a yellow solid. The product was isolated by Biotage flash 
chromatography (cartridge 25S, SiC>2) using 0 to 1% methanol in 
dichloromethane to yield 292 mg (85 %) of the title compound as a light 
yellow solid. ! H (m, 4H), 6,49 (brs, 2H), 4.83 

10 ; (s,lH), 3:86 (s;3H),3J6&3H), 3.39(s,3H). : 

EXAMPLE 7 : 

• 2- Amino-3 ^ •' 
• oxazo[4 5 5-^ 

(a) 2 5 3^d 2 5 3-dimethoxyanilin;e (500 mg, 3.26 
15 mm^l) w^ dis Hydriodic acid (approximately a • 

. 47; % solution in \yater) : (10 mL) ; was added and the reaction was heated under ^ 
reflux for approximate^ was cooled to room temperature 

and stirred for. appfoxiniately 3 ; days; The solvent was removed under vacuum .- 
and the yellow solid dissolved in water and neutralized with saturated aqueous 
20 sodium bicarbonate solution. The aqueous layer : was extracted with ethyl ; 

acetate ^ 

solution of approximately 10 % aqueous sodium thiosulfate (30 mL), water : 
(30 mL) brine (30 over sodium sulfate, filtered and concentrated; V* 

The crude : product was purified % Biotage (cartridge 40S, Si0 2 ) using ; 
25 ' : r approximately a 1 %, 2 % and 4% methanol solution in dichloromethane to 
7 ^ as a beige solid. l H NMR 

; : .(CI^ 1H), 6;28 (dd >: /= 8.0; 1 .6 Hz, 1H), 6.24 (dd, 7= [ 

(b) : : 2-Ajnn^ ; 

30 ; di^ (80 mg, 0;64 ; i: 

(1 57 mg, 0-64 mmol) and malonomtrile (42 ■ 
mg; 0.64 inmol) werei dissolved in Methanol (4 mL). Piperidine (127 jjL, T !28 
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mmol) was added and the reaction stirred at room temperature overnight. The 
reaction mixture was concentrated under vacuum and the desired product 
isolated by Biotage flash chromatography (cartridge 12M) with approximately 
2 % and 5% methanol solutions in dichloromethane as eluant to yield 97 mg 
5 (36 %) of the desired product as a brown foamy solid. y H NMR (CD 3 OD): 

6:86 (s, 1H), 6.80 (s, 1H), 6:47 (d, J = 8.0 Hz, 1H), 6.29 (d, J= 8.0 Hz, 1H), 
4.56 (s,lH), 3.78 (s, 3H), 3.75 (s, 3H). 

(c) 2-Amino-3-cyano-4-(3-bromo-4,5-dimethoxyphenyl)^i/- 
oxazo[4,5-/z]chrpmene: 2-aminoT3-cyaaio-7-amino-8-hydr6xy-4-(3-bromo-4 5 5- 
10 : ; dime%ox^ mmol) was dissolved in toluene 

Zr^JP^Xmd THF (1 mL). Triinethy lorthoformate (24 : gL, ; 0.22 mtriol- 1 eq), 
: and • p-toluenesuifbnic ; acid ; (2;7 • mg, <Q;0l : mmol; 0 ;2 eq) were; added • and the 
: • reason stirred k Approximately 50 ;° overnight. The reaction mixtiire was : 
/ ^ temperature and (^enched :with saturated aqueous ; 

£15 :^ 

• . fetKyi iacetate (3 x 20 mL). JThe organic;: layers were combined, -dried oyer 
^ ^ concentrated to yield a, brown 6U; T^ was : 

; (cartridge 12S, Si(5£) iising 

approximately 0 %, 2 % and 4 % methanol solutions in dichloromethane as 
iO .< ; v : eliMt to yield 13.5 mg of a yellow oily solid. NMR showed : impurities in the 
;^ipH 

yield4.6 mg (15 %) of the title 

■ ; ^ 

I; ZMZZ :: %ZAZ Z ■% ZSZZi ^ M •••'/; Z 'i K ■ • ' • ' ■ Z 

2- Amij^-3 «bromo-4 • S^dimethoxypheny 1)-4H - 

^ as : Example 7c was -used to prepare Me title 

ZZZ: 5" 4,93 (s, 1H), I j 
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EXAMPLE 9 

Identification of Compounds as Caspase Cascade Activators and Inducers of 
Apoptosis in Solid Tumor Cells 

Human breast cancer cell lines T-47D and ZR-75-1 were grown 
5 according to media component mixtures designated by American Type 

Culture Collection + 10 % FCS (Invitrogen Corporation), in approximately 5 
% C0 2 - 95 % humidity incubator at approximately 37 °C. T-47D andZR-75- 
1 cells were maintained at a cell density between 30 and 80 % confluency at a 
cell density of 0.1 to 0;6 x 10 6 cells/mL. Cells were harvested at 
10 i approximately 600 x g and resuspended at approximately 0:65 x TO 6 celis/rnL 
into i appropriate media plus approximately 10 % FCS. An aliquot of 
apprpidmately 45 fil of cells was added to a well of a 96-well microtiter plate 
containing approximately 5 |il of a solution of approximately 10 % DMSO in 
RPMI-1640 media: solution containing approximately 0.16 to 10 \xM of the :y-^'--x.^. 
■ . ; :: -15 ' ; ; ; :\>; : ,- test compounds (0.0 16 to -1 : fiM final). An aliquot of approximately 45 \xl of ■ . -s ■■I'V ^ 

: ceils j was added : to a Well of a 96-well microtiter plate containing 
; ; approximately 5 jil of a solution of approximately 10 %T)MS 

media solution without test compound as the control sample. The samples : 
: were mixed by agitation and then incubated at approximately 37 °C for 
20 v ; approximately 24 h in approximately 5 % C0 2 -95% humidity incubator. After V 
: incubation, the samples were removed from the incubator and approximately 
50 pi of a solution containing approximately 20 (xM of A^(Ac-DEV 
ethoxycarbonyl-Rl 10 fluorogenic substrate, SEQ ID NO:li (Cy^ 
: ; .1 U.S. Patent No. 6,335,429), comprising approximately 20 % sucrbse ; :(Si^na), ; : 
25: ;? 20 mM DTT (Sigma), 200 mM NaCl (Sigma), 40 mM Na PIPES: buJQfer at • \y 
approximate pH 7,2 (Sigma), and /approximately - 500 : jig/ml -iysolecithin ; 
: - ; (Galbiochem) was added. The samples were mixed by ^ agitation ^id incubated 
• at room temperature. Using a fluorescent plate reader (Model 1420 ; Wallac ; 

:,:'.;;' : ;,s : v. :: Instruments), an mitial reading (T = 0) was made approximately- 1 -2 Mn after : I- 
< ; • : 3Q/ .. addition of the substrate soliition, employing excitatiori at 4^5; ^ 

emission at 530 iim, to determine: the background fluorescence ^ controls ; ; : 
sample. After the 3 h incubation, the samples were read for fluoresceiicej as ; V; 
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Calculation: 

The Relative Fluorescence Unit values (RFU) were used to calculate 
the sample readings as follows: 

5 RFU (T=3h) - Control RFU (t«o) = Net RFU^kjii) 

The activity of caspase cascade activation was determined by the ratio 
; of the net RFU value for the test compounds to that of control samples. The 
■ EC50 (nM) was determined by a sigmoidal dose-response calculation (Prism 

'•U0;-- : :'' ; /:-, 2.0, GraphPad Software Inc.). The caspase activity (Ratio) and potency (EC50) 



TABLE I; CASPASE ACTIVITY AND POTENCY 



: Example # : . 


v.;:-; T-47D - -. 
Ratio " . EC50 (nM) . 


■: ' ZR-75-1 

Ratio :: ■ { }^0 (rMf l : 






>1000 


5.3 . . 


'560 ; '; : J;'; : :;- 






566.6; ; ,; 


,8.5;;::; 


365.6 ^ 


=.:.■' 


liS : ■ 


Inactive 




2501.3 




;8;1 


47.2 "'• 




23.0 


.5 : : :-.: ; 


8,6 


284:7 




156.2 .. 


6 


6.5 • 


11.8 . 








7.8 : 


68.7 . 


9.8 


43.0 : ; i; 




7.9 


35.1 


7.2 


12.9 ' : : . " 



; J ThuSj these co^ 

■ ; 15 ; ; inducers of apbptosi : 
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WHAT IS CLAIMED IS: 

1 . A method of treating a disorder responsive to the induction of 
apoptosis in an animal suffering therefrom, comprising administering to a 
5 mammal in need of such treatment, an effective amount of a compound of 

Formula I: 



(I) 




or a pharmaceutically acceptable salt or prodrug thereof wherein: p 
10; X is 0, S or NR^ 

: : - x ■■■'.'.alkyl; . -. ± V : : '■ 7\ ' . : ■ ; ^^T'-'S ^ : 
. Y is CN, GOR7, COiRy or CONI^, ^ 
independently^ 

heterocyclic group, a : heteroaiyl group, alkenyl- alkynyl, 7 arylalkyl, 
15 ' : arylalkenyl, arylalkyriyl, heteroarylalkyl, heteroa^lalkenyii hetero^j^cynyl, ;: 
: carbocy cloalkyl heterociy cloalkjd, hyd^xy^lkyl or aminbalky 1; or ■ ; ; 

Z is NR^R 9 , NHCORs, N(COR^) 2> N(GO or y 

y N=CHR^, wherein Rg and R 9 are independei^ 
20 • ; R 9 are combined together with the : jgrpup attached tp; them to form; a 
v ■ ; : heterbcycle; ; • .7 " : y v : /y y ^ ;-V :'-V;:|.-y'' : ;fK. : 

Ri J Ri ; are independently hydrogen, halb;; -ludp^dl^i^^^i^ > fiised-" -ary 1";- 1.. V " f - 
carbocyclic, a heterocyclic group, a heteroaiyl grbupi, Gii| alkyl, alfenyl, 
aJkyhyly: a^ arylalkynyl, ]^ 

25; :. ; heteroaiy lalkyriy 1, carbocy cloalkyl, heterocyclb 
; aminoalky 1, cairboxyaUcyl, hitro, : amino, cyanp^^ 

acyloxy, azidd, alkoxy, carboxy, methyteriedip^ 
•• " .• - •••';;• alkylthiol; " -f-^i ■ • " : v::v'-V:;v. .. . ; •'. • 'y;:-p ypj-y: ••;•; /,>:••;;;::;••;.:;•:: 'f<PW;P : PK 
y ' • ' : R5 ; is hydrogen or G MO alkyl; '.• pf\}£^^ 
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A is optionally substituted and is aryl, heteroaryl, saturated 
carbocyclic, partially saturated carbocyclic, saturated heterocyclic, partially 
saturated heterocyclic or arylalkyl; and 

B is optionally substituted and is a fused thiazole, oxazole, 2-imino- 
imidazole, 2,l,3-thiadiazo-2-one, thiazol-2-one, oxazol-2-one, oxazol-2- 
thione, imidazol-2-thione, thiazol-2-thione, imidazoline, oxazoline, thiazoline, 
triazole, oxazine, oxazine-2 5 3-dione or piperazine ring. 

2. The method of claim 1 v wherein B is N-methyloxazol-2-one. 

,. , 3. ; The method of claim 1, wherein X is O. " 



4. The inethod of claim 1 • wherein A is optionally substituted aricl 
selected ftbni;1^ 

15 pyridy 1, thiehy 1, fury 1, pyrroly 1, 2-phenylQthyl arid cyclohexyl . ; : 

. ;r5.;' : : The method is NH 2 - 

•v 6. The method of claiin 1, wherein R 5 is hydrogen! 

20 . ' ■ ' ' 1; : ' • . . . I . V ' . ; V .. ' : , .. \ . ■ 

7. The method of claim 1; wherein A is 




-and Rio-Ri4 are fused v 

25 : . ; alkynyl, ^ heteroarylalkyl, hetero^lalkeny 

; : he^^ 

v ; x ^amjiibaU^ "^nittp^ ;aumin6, cyaiio, acy lamido, hydroxy; tool, ; 

acyloxy, ^ido, ; alkoxy^ ; carboxy, ^nethylenedioxy, carbony lamido or 

y--x; -.:-;:all^itiiiol;..or • ' . . 
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Rio and Ru, or Rn and Ri 2 , taken together with the atoms to which 
tliey are attached form an aryl, hetefoaryl, optionally substituted carbocyclic 
or optionally substituted heterocyclic group; wherein said group is 
substituted. 

5 

8. The method of claim 7, wherein .Rio and Rn, or Rn and Ri 2 , 
are taken together to form a structure selected from the group consisting of 
-OCH2CK ^CH 2 ) 3 - -(CH 2 ) 4 - -OCH 2 CH 2 0-, -CH 2 N(R)CH 2 - 
^H 2 CH 2 N(R)CH 2 -, -CH 2 N(R)CH 2 CH 2 ~ >CH=CH-CH=eH- 
; 10: : ^(R^ _O^CH=GH- 5 ^GH^CH-O- 

..! -S-CH=CH~, ^ -CH-CH^S- -N=CH-CH=CH^ ^H=N-CH=CH- I . 
';■ " : ^H=CH4^CH^; ^H=CKM3H==N- and ^=G1^H^N-, wherein R is ' ; : 
/ : ; V fused aryl, c^bocyclic, a heterocyclic 

^ ; ; 1^ carbocycloalkyl, 
: hetef bey cloalkyl, hydroxy of aminoalky 1 . 

■ 9. '." IW wherein said compound is 

" 2-Ainino-3rcy^o-4-( 
20 : : ■ tetra^ ^ 

; imidazo[4,5-A]chrome^ 

• v v2-Am 
itelxahydro 

; 25 C 2^ 

^ydho-2 , 1 ,3 rthiaciiazo [4,5- A]chromene; ; 

^< : ;: 2 

;, 30 " ; r : ; '-::j:C : . [ ^\'- : > 

• •'• ; > bxazd [4,5 -/z] chromeiie; • . • . - • -^-V" ." J'. 
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2- Amirio-3 -cy ano-4-(3 -methoxyphenyl)^ 
oxazke[23-^]chromene; 

2- Amino-3-cy ano-4-(3 -broino-4,5 -dimethoxypheny l)-4,7 , 8 ,9- 
tefraliydro-8,9-dioxo-oxazine[2,3-/i]cliromene; 
5 2-Aminb-3-cyano-4-(3-bromo-4,5-dimethoxyphenyl)-4/f- 
thiazo[4,5-A]ehromene; 

2-Ajiuno-3-cyano-4-(3-methoxypte 

2-Amino-3-cyanG-4-(3-bromo-4 5 5-dimethoxyphea^ 
triazb[4;5-/7]chromene; 
10 : ; 2-Amino-3-cyaiio-4r(3-methoxyphenyl) ; ; 

2-Amino-3-cyanor4-(3-brom 

2-Arnino-3-cyaho-4-(^ ^''JW^.- 
:; . ;:;dihydro^9- 

; • •• i ; L^: : : 4i^6xazo[5,4-/j]chrorrierie; 
2-Ami^ 

2-Aminb-3-cyan^ i: . 
20 i: t dihydro-7-methy 1-oxazo [4, 5-/z]chromene; 

2- Amino-3-cy ano-4-(3i rbromo-4,5 -dii^ethoxyphenyl)^^ ; 
oxazo[4y5-/7]chromene; and 

2-Amino-3-cyano-4-(3-bromo-4,5^ 
Kkji:-:-.: : ; >h}^ori)j^X .-/ w . ■ ■ 0 ;? v -3< : ti : : y-^^/^: y •. # " •• 



i 10.; ; The method of claim 1, wherein; 
' Formula II:- ■ • • 




••:30'- : :- : .':; or pharmaceuticially acceptable ttereb^;^ 
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D s E, and F are CR15R16, GO, N, O, or S, wherein Ri 5 and R i6 , are 
independently hydrogen or alkyl; and 

the dashed line represents a single bond or a double bond, with the 
proviso that both the dashed lines can not be a double bond at the same time. 

11. The method of claim 1, wherein said compound has the 
formula: 




(III) 



• •■; 10 • or pharmaceutically acceptable salts or prodrugs thereof, wherein Ry- 

: 1^, R 5y X, Y, Z and A are ais defined previously with respect to Formula I ; and 
-V^^y- ' ^ji and G are tRjsRje, CO, N, O, or S, wherein R J5 and are 
; . ; indeperideritly hydrogen or alkyl, provided that at least two of D, E, F, and G • 
: are hetero atoms; 

: v j 1 5 ; ; : -the dashed lines represent a single bond or a double bond; .-. 

12. The method of claim 1 1, wherein said compoudd is y V 
2-amirio-3-cyano-4-(3-i^^ 

. 0 

. 4-- ; 2Q -. : : 2-arr^ • 

: :;i3 . of claim 1, wherein said disorder; is cancer. 

'y/;£:25- - : ;"vJ4. wherein said cancer 1 is selected from > 

%i :*&e.!;grpup consisting of Hodgkin's disease, non-Hodgkin's lymphoma^ acute 

.' : c cinoina, : ovarii c^cino lung carcinoma, WilmsV cervical • 

U;;^ soft-tissue: s^ 
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leukemia, primary macroglobulinemia, bladder carcinoma, chronic 
granulocytic leukemia, primary brain carcinoma, malignant melanoma, small- 
cell lung carcinoma, stomach carcinoma, colon carcinoma, malignant 
pancreatic insulinoma, malignant carcinoid carcinoma, malignant melanoma, ' 
choriocarcinoma, mycosis fimgoides, head and neck carcinoma, osteogenic 
sarcoma, pancreatic carcinoma, acute granulocytic leukemia, hairy cell 
leukemia, neuroblastoma, rhabdomyosarcoma, Kaposi's sarcoma, 



hypercalcemia, cervical hyperplasia, renal cell carcinoma, endometrial 
10 carcinoma, polycythemia : vera, essential thrombocytosis, adrenal cortex 

carcinoma, skin cancer and prostatic carcinoma. 

15. The method of claim 13, wherein said cancer is a drug resistant 

..." ' . ; cancer. ■% ^'■'■'y •";•/ : \ ^ - : v. ■ ..' ■ :<-^:^f : i. : ^-\^-:-: ■ "■■■ : VV r Ay^-;^J< " : ; 

16. ; The.jmethod of daim 13, additionally comprising admim 

: at least chemotherapeiitic agents or a. pharmaceutically 

^acceptable sait of said agent. : ; p ; 

20 : 17. The method of claim 16, wherein said ' kno 

; therapeutic agent is selected from the group (tt^ 

mitomycin G, carboplatin, colchicine, vihbl^tine r ;p 
; camptothecin, ; topotecan, doxorubicin, : : etpposide, p ; 5 ra^cytidiri^ : ; ; 

; ; 5 

25 ; thioguanine, rpelphalan, chlorambucil, : cyclophosamide, ifosjEainide, 

; vincristine, mitoguazone, epirubicin, aclarubicin, bfeoniycin, mi^xantroiie, 
; elUptinium, fludarabirie, octreotide, retinoic acid, tamoxifen, HerceptinfJi 
Rituxan® and alano sine. 

30 :.: .1; \ 18. : The method of; clam 13 , ^<htioM^ 

:;' ■ .; ■ : " radiatibii-tlierapy . '• •' ; v : : - - ^'MMM^ A !6 
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19. The method of claim 13, wherein said compound is 
administered after surgical treatment for cancer. 



20. The method of claim 1, wherein said disorder is an 
5 autoimmune disease. 

21. The method of claim 1, wherein said disorder is rheumatoid 
arthritis. 

10 22. The methoid of clam 1, wherein said disorder is infla 

23; The method of claim 1, wherein said disoMer is inflammatory 
... :: bowel disease. ' 

#5: :; -.::';^ 24. T^ 

25. ■ The method of claim 1, wherein said ^d is a skin disease. 

26. A compound of Formula: I: 

20 " - ■ . ". v 



(I) 




■[ or a phamaiceutically thereof, wherein: 

X is 0 3 S or NR^ 3 wherein R$ is hydrogen; or optionally substituted 



25 

^'f-^C^- •; : ; Y :: is:i;GN- G^Ri;: SO^ Rv^ Rx and R y are ; 

■ : ; ; . • ind^ndeiotly -%<iogen; Gi ■ io alkylj haloalkyl, ; aryl v fused aryl, carbocyclic, a 
, • heterocyclic ; group, a i heterbaryl : ; group, alkenyl, alkynyl, arylalkyl, 

:• : : ; :aiyiafenyl^ 

' ;3'.0 ^ ; c \i^^^6ai\^ 9 hydroxy alkyl or aminoalkyl; or 
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R x and R y are taken together with the nitrogen to form a heterocycle; 
; Z is NR 8 R 9 , NHCORg, N(G0R8)2 S N(COR8)(CQR 9 ), N=CHOR 8 or 
N=CHRg, wherein Rg and R9 are independently H, Cm alkyl or aryl, or R g and 
R9 are combined together with the group attached to them to form a 
5 heterocycle; 

RrR 2 are independently hydrogen, halo, haloalkyl, aryl, fused aryl, 
carbocyclic, a heterocyclic group, a heteroaryl group, C\.\q alkyl, alkenyl, 
alkynyl, arylalkyl- arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, 
heteroarylalkynyl, carbocycloalkyj, heterocy cloalkyl, hydroxyallcyl, 
10 - aminoalkyl,; carboxyalkyl, nitro v ^ cyano, acylamido, hydroxy, thiol, 

: : acyloxy, aadp^ ; 

: alky Ithipl ; '<:•••' ■ ■■u-';.^. ■ v -v V: ''M : " •: \- • ./}. U-\ )' : 

is hydrogen or G^^ 

A is option^ly substiM arid is aryl, heteroaryl, saturated 
15 . carbocyclic, partially saturated carbocyclic, :.: saturated i; heterocyclic, partially, 

satiirated heterocyclic or guylalkylj and 

B is optionally substituted and is a fused thiazble, oxazole, 2-iminp- i 
; imidazole; 2;l,3~thiadi^~2-6riej thiaz61-2 : -orie, oxazol-2-one; oxazol-2- 
thione, imidazcft^ imidazoline, oxazoline, thiazoline, 

20 : txiazole,;oxazihe, ok 

i: : : 27. ": :■: The compound of claim 26, wherein B is A^methyloxazol-2- 
- • • : •.• r :one. '• ' " ••; /.?= : ' ' • ;-': 'k ;-: ... ; ' / ' "'■ :• . . /\: 

25 28; ^ A 




■ "> pharmace^tically : acc^t^lei salfe or pro drugs thereof, wherein 
;X is! ;0 is hydro^eh ior; optionally substituted 
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Y is CN, COR 7 , C0 2 R 7 or CONR x R y , wherein R 7 , R x and R y are 
independently hydrogen, Cmo alkyl, haloalkyl, aryl, fused aryl, carbocyclic, a 
heterocyclic group, a heteroaryl group, alkenyl, alkynyl, arylalkyl, 
arylalkenyl, arylalkynyl, heteroaiylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
5 carbocycloalkyl, heterocycloalkyl, hydroxy alkyl or aminoalkyl; or 

R x and R y are taken together with the nitrogen to form a heterocycle; 
Z is NRgR 9 , NHCORg, N(COR 8 ) 2 , N(COR8)(COR 9 ), N=CHOR 8 or 
N^GHRg, wherein Rg and R9 are independently H, C 1-4 alkyl or aryl, or Rg and 
R9 are combined together with the group attached to them to form a 
• • 10 • heterocycle; 

R1-R2 are independently hydrogen, halo, haloalkyl, aryl, fused aryl, 
* Carbocyclic, a heterocyclic group, a heteroaryl: group, C 1 . 1 0 alkyl, alkenyl, ; 
v a • ' : : 

: ; i :, carbocycloalkyl, heterocycloalkyl, hydroxy alkyl, 
; 15 : ; -aminoalkyl, carboxyalkyl, nitro, amino, cyano, acylamicio, hydroxy, thiol, 
; acyloxy, azido, alkoxy, carboxy, methyleriedioxy, carbonylamido or 

i alkylthiol; ; ; 

, Rj is hydrogen or C>io alkyl; 

A is optionally substituted and is aryl, heteroaryl, saturated 
• 20 • ^ carbocyclic, saturated heterocyclic- partially 

D, E and F are CR i5 Ri6, CO, N, O, or S, wherein R15 and R I6 are 
i independently hydrogen or alkyl, provided that the ring comprising D, E and F 
• is not a fiiran, thiophene, pyrrole, ciihy dropyrrole, 1 ,3 -dioxo lane, cyclopeintyl, 
;25 ; ^ ■W;;:;. 
the dashed line represents a single bond or a double :tond/v^ 
•;• v ^^0SH^ov\so that both the dashed lines can not be a double bond at the : same tirne. 

29. The compound of claim 2:8, wherein the ring comprising D^ E i ; 
30 ^ : and F is Mmethyloxiazol-2-one. 

30. The compound of claim 28, wherein said compound is; 
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2- Amindr3^yanbr4-(3 -bromo4 J 5-dimetlTOxyphenyl)-8-thibxo-4,7 } 8,9- 
tetrahycko-imidazo[4,5-/z]chromeiie; 
2^ 

inudazo[4,5-/z]chromene; 
5 2-Amino-3-cyano-4-(3-bromo^,5-dimethoxyphenyl)-8-imino-4,7,8^ 
tetrahydro-imidazo[4,5 ; -/z]chroineiie; 

2- Amino-3 -cy ano-4-(3 -methoxypheny 1)- 8-irain^ 
imida2o[4 5 5-/2]chromene; 

2-Amino-3-cyano-4-(3-bromo-4;5-dimelJioxyphenyl)-8-oxo-4 
10 trihydro^ 

' r : 2 

. tMadiazo[4,5-/z]chromehe; : ;. 

oxazo^^^chromerie; ; 
?1;5 :i ; 2- Aihinor 3 ^cy ario^r (3 -methoxy pheny l)-4iir~oxazo [4,5 -fi] ehromene; •' V 

.' ;thi^p[4,5r/?]ctod . .'* ;, "■: 



i: 2~ Amido-3 -cy an6r;4-(3 -bromo-4;5 -dimethoxiypheny l)r4i^ 
20 ; : tri^ 

; : 2-Amino-3 -cy ano^4-(3 -methpxyphenyl)-4^^iazo[4,5-/z]chrpm 

:: ^ 

2-Aniino-3-cya^^ 
■! M; 2-^mo-3-cyano^ 

A: 2"Amino-3~cyano-4-^ •• 
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2-Ajnin6~3-cyano^-(3-bromo^,5^imethoxyphenyl)-4H- 
oxazo[5,4-/z]chromene. 

31. A compound which has the Formula III: 



(III) 




; ■ or pharmaceutically acceptable salts or^^ 

X is O, S or NR6, wherein R$ is -hydrogen or optionally substituted 

■: : ■■■■ - aUcyl; : -V-. /:-/"k-- - : .;• .... ■ "K-- .V'' : %V--:-% 

Y is GN, COR7, GO R* and ^MeVi 
10 independently hydrogen, Ci-i^ 

heterocyclic group, a heteroaryl group, alkenyl/ ^kynyl, ^lalkyi^! 
■:> aiylalkenyl, ar^ 

carbbcy cloalky 1, te^ or aminqalky 1 ; or : 

15 ; Z is NI^^ 

N^CHRg, wherein Rg and R9 are independently H, Cm alley lor aryl 3 or Rg and 
R 9 are combined ; together with the group attached to them to foiiri ai; 

'"' V: ; : - ; ' . ; heterocycle; - : ;. '■■■i-,^'^ 

R1-R2 are independently hydrogen, halo, haloalkyi, ary£ .' : fiK'^|My^".": : 
26;";: : ^ ■ : ' carbocyclicy a heterocyclic group, ; a hetero^l ; ; g^iip; C il :'^^^:^^hy^f 
: ; alkynyi, 

heteroarylalkyi^ heterocyclbalkyl, 
ariiinbalkylj c^ nitxo, amino, cy^ 

acyloxy, azido, alkpxy, carboxy v m 
■25-X . \ alkyl^ol;/; v ^ - . \ : -}^ : ^^^^ 

*-."'" ■ ■'■ R 5 is hydrogen or Cmo alkyl; 

A i^ 

•;. carbocy clic, partially saturated carbocyclic, saturated; ;hefe 

• saUimted heterocyclic or ary '-M^i-"^ ^?;f ; ;?\" 



51 



WO 02/092083 PCT7US02/15398 

D, E, F, and G are CR l5 R] 6j CO, N, O, or S, wherein CR15 and R i6 are 
independently hydrogen or alkyl, provided that at least two of D, E, F, and G 
are hetero atoms and the ring comprising D, E, F and G is not a 1^4-dioxolane, 
1 ) 4-dihydro-2 J 3-dioxopyrazine or pyrazine ring; and 
5 the dashed lines represent a single bond or a double bond. 

32. The compound of claim 3 1 , wherein said compound is 
2-Amino-3-cyano-4-(3 -methoxyphenylJ^^^-p-tetrahydro-S^-dioxo- 
oxazine[2,3-/*]chromene; and 
10 ; :2-Aim 

tetrahydro-8;9^ 

: ■-: 3 3; A pharmaceutical composition, i comprising ; the compound of : 
any one of claims 26-32 and ; a Vphaimac^tically acceptable excipient or 
15 carrier. .• ;';> : .'- ' " ; 

: : 34. : The pharmaceutical composition ; of claim 33, further 
comprising at least one lcht) wn cancer : c^ 
-i • : pharmaceutically acceptable salt ; of said agent ; • 

20;/ I- --. ' . ::. ; • : ; . ■ ' ' .. ... ; . . * 

: 35: The pharmaceutical composition of claim 34, wherein said 
known cancer chemotherapeutic agent is selected from the group consisting of 
; busulfah^ cis-platin, :mitpmyciri G, caxboplatin, colchicine, vinblastine, 
'. paclitaxel, docetaxel, : c^ptothecin, tppotecan, doxorubicin, etoposide, ;: 
:25 M :C : 5-flubro-2-deoxy-ur^^ 

hydroxyurea, ■": thioguaime, : ; irielphalan, chlorambucil, : cyclpphpsamide, 
: : ifosfamide, vincristine, rnito ; epirubicin, aclarubicin, bleomycin, 

; ;m acid, tamoxifen, "■: 

■ Herc^^ ;; 



30 



v 3 6 . ^ ; The ;ph^maceutical: composition of claim; - 3 3, wherein said 
excipient or carrier is selected fr^ the group consisting of saccharides, starch 
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pastes, gelatin, tragacanth, cellulose preparations, calcium phosphates and 
polyvinylpyrrolidone. 
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